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                \begin{document}$$\nu $$\end{document}$DBD) is a hypothesized nuclear transition in which a nucleus decays emitting only two electrons. This process cannot be accommodated in the Standard Model, as the absence of emitted neutrinos would violate the lepton number conservation. For this reason, its prized observation would have several implications for particle physics, astrophysics and cosmology. According to the majority of theoretical frameworks, for 0$\documentclass[12pt]{minimal}
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                \begin{document}$$\nu $$\end{document}$DBD to happen neutrinos must be Majorana particles. This means that, in contrast to all the other known fermions, they must coincide with their own antiparticles. In this scenario, the half-life of the process T$\documentclass[12pt]{minimal}
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                \begin{document}$$_{1/2}^{0\nu }$$\end{document}$ is determined by the effective Majorana neutrino mass m$\documentclass[12pt]{minimal}
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                \begin{document}$$_{\beta \beta }$$\end{document}$, a linear superposition of the three neutrinos mass eigenstates weighted by the elements of the first row of the PMNS neutrino mixing matrix and including two Majorana phases, providing the dependance: T$\documentclass[12pt]{minimal}
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                \begin{document}$$_{1/2}^{0\nu } \propto 1/m_{\beta \beta }^2$$\end{document}$.
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                \begin{document}$$^{25}$$\end{document}$ years for several possible emitters, corresponding to upper bounds on m$\documentclass[12pt]{minimal}
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                \begin{document}$$_{\beta \beta }$$\end{document}$ of a few hundreds of meV \[[@CR1]\]. Moreover, recent measurements made by the KamLAND-Zen collaboration using a xenon-loaded liquid scintillator allowed to set a limit on T$\documentclass[12pt]{minimal}
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                \begin{document}$$_{\beta \beta }$$\end{document}$ \< 60--161 meV \[[@CR2]\].

Among the several experimental approaches proposed for the search of 0$\documentclass[12pt]{minimal}
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                \begin{document}$$\nu $$\end{document}$DBD, cryogenic calorimeters \[[@CR3]\] (historically also called bolometers) stand out for the possibility of achieving excellent energy resolution (of the order of 0.1$\documentclass[12pt]{minimal}
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                \begin{document}$$\,\%$$\end{document}$) and intrinsic radio-purity. Moreover, the crystals that are operated as bolometers can be grown starting from most of the 0$\documentclass[12pt]{minimal}
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                \begin{document}$$\nu $$\end{document}$DBD emitters, enabling the test of different nuclei.

The CUORE-0 experiment proved the potential of the bolometric technique by reaching an unprecedented sensitivity on the half-life of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {TeO}_2$$\end{document}$ bolometers (for a total mass of 39 kg), operated between March 2013 and March 2015 at Laboratori Nazionali del Gran Sasso (LNGS, Italy). The combination of the 9.8 kg($\documentclass[12pt]{minimal}
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                \begin{document}$$^{130}$$\end{document}$Te) years of its ancestor, Cuoricino, allowed to set a new limit on the T$\documentclass[12pt]{minimal}
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The evolution of CUORE-0, named CUORE \[[@CR5]\], will start operation before the end of 2016 with 988 $\documentclass[12pt]{minimal}
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                \begin{document}$$_{\beta \beta }<$$\end{document}$50--130 meV). This remarkable sensitivity will allow to touch, but not to fully explore, the m$\documentclass[12pt]{minimal}
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The experience gained during the years of R&D activity for CUORE allowed to determine that the ultimate limit in the background suppression resides in the presence of $\documentclass[12pt]{minimal}
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CUPID-0 {#Sec2}
=======

The CUPID-0 detector will consist of 30 Zn$\documentclass[12pt]{minimal}
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The Se powder was enriched at URENCO Stable Isotope Group (Netherlands) to overcome the rather poor natural isotopic abundance of $\documentclass[12pt]{minimal}
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The scintillation light emitted by each Zn$\documentclass[12pt]{minimal}
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                \begin{document}$$^{82}$$\end{document}$Se will be measured by two light detectors \[[@CR42]\], facing the top and bottom surfaces of the crystal (see Fig. [1](#Fig1){ref-type="fig"}a). The light detectors are also bolometers made of disk-shaped Ge crystals (4.4 cm diameter) grown by UMICORE using the Czochralski technique. Since the energy emitted as scintillation light is only a few $\documentclass[12pt]{minimal}
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To convert temperature variations into readable voltage signals, each ZnSe and Ge crystal will be equipped with a Neutron Transmutation Doped (NTD) Ge thermistor using a semi-automatic gluing system. In addition, a Si Joule heater will be glued to the crystals for the offline correction of thermal drifts by heat pulses injection \[[@CR45]\].
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                \begin{document}$$\sim $$\end{document}$10 mK. To account for different thermal contractions of the detectors and copper, the crystals will be secured to the copper frames using PTFE elements, acting also as weak thermal coupling to the bath. The final layout of the CUPID-0 detector, that will be hosted in the same cryostat used for CUORE-0 with an upgrade for the reduction of the microphonic noise, is shown in Fig. [1](#Fig1){ref-type="fig"}.

To test the CUPID-0 assembly line, as well as to verify the compliance of the final detectors with the requirements on energy resolution, background rejection capability and intrinsic radio-purity, we mounted an array of three Zn$\documentclass[12pt]{minimal}
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Detector {#Sec3}
========
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                \begin{document}$$^{82}$$\end{document}$Se mass of about 1.32 kg) and four light detectors, arranged in a single tower following the layout depicted in Fig. [1](#Fig1){ref-type="fig"}.

Apart from the number of crystals, there are only few differences with the final CUPID-0 protocol for the detector assembly: (1) the cleaning procedure defined for the surface of the crystals in CUPID-0 was not yet applied to the present crystals, as we were interested mainly in the bolometric performance and crystal bulk contaminations, (2) the detector was mounted above-ground, shortly after the crystal growth, while the CUPID-0 towers will be assembled in a Radon-free underground clean room using crystals stored underground to reduce the cosmogenic activation, (3) during the measurement the Zn$\documentclass[12pt]{minimal}
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We used two classes of NTD Ge thermistors, characterized by different dimensions: the large sensors (2.8$\documentclass[12pt]{minimal}
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                \begin{document}$$\times $$\end{document}$0.5 mm) were glued to the light detectors that, because of their much smaller mass, require sensors with lower heat capacity. Two stages of the detector assembly are shown in Fig. [2](#Fig2){ref-type="fig"}.Fig. 2Two stages of the tower assembly. *Left* a light detector equipped with an NTD Ge thermistor and a Si Joule heater is mounted on top of a Zn$\documentclass[12pt]{minimal}
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                \begin{document}$$^4$$\end{document}$He dilution refrigerator located in the Hall C of LNGS. For technical reasons, the refrigerator could not be operated below 20 mK, which is however satisfactory for our purposes. The final CUPID-0 towers will reach a much lower base temperature (about 10 mK) exploiting the cryostat that was used for the CUORE-0 experiment.

The signals were amplified by high gain voltage amplifiers with input stages based on Silicon JFETs, filtered by a 6-pole low-pass Bessel--Thomson filter \[[@CR46]--[@CR48]\] with roll-off rate of $\documentclass[12pt]{minimal}
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In addition to the derivative trigger, we used a second trigger that forced the acquisition of the light detectors every time the trigger of a Zn$\documentclass[12pt]{minimal}
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To maximize the signal-to-noise ratio, the waveforms were processed offline with the optimum filter algorithm \[[@CR49], [@CR50]\]. Unlike the classical nuclear pulse shape processing (gaussian, semi-gaussian, CR-(RC)$\documentclass[12pt]{minimal}
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                \begin{document}$$^n$$\end{document}$ etc.) the optimum filter estimates the signal at each frequency with weights equal the signal-to-noise ratio at the same frequency, embedding in its shape the proper timing parameters. In our case it behaves as a pass-band filter with the lower frequency optimized for 1/f noise rejection, while the higher frequency is limited by signal roll-off, minimizing the contribution of white noise. Since light pulses feature a worse signal-to-noise ratio, we used a dedicated algorithm, exploiting the known time-delay between heat and light signals, to compute their amplitude \[[@CR51]\].
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                \begin{document}$$\Omega $$\end{document}$ (corresponding to a crystal temperature lower than 10 mK) but the high base temperature of the cryostat prevented the achievement of such a resistance, somehow spoiling the detector performance. Given the low values of R$\documentclass[12pt]{minimal}
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                \begin{document}$$^{82}$$\end{document}$Se-3. These values are in full agreement with the measured energy resolution of the detector baseline (Table [1](#Tab1){ref-type="table"}), leading to the consideration that a lower cryostat temperature would have provided a much better baseline resolution, as observed in other ZnSe prototypes \[[@CR15]\]. The analysis of the noise power spectra of the detectors allowed to infer that the degradation of the baseline resolution could be mainly ascribed to the series noise (both 1/f and white) of the very front-end system, operated in unmatched conditions. Nevertheless, our primary interest was the study of the detector performance at high energy where, as shown in the next section, the electronics noise is negligible. Furthermore, also the response of the bolometer, defined as the voltage signal produced by an energy deposit of 1 MeV, was affected by the higher than usual detector temperature. A lower temperature of operation, to be expected in the next runs, will allow to increase the energy conversion gain of the detectors, providing an enhancement of the baseline resolution. To face both the situations, low temperature with large detector impedance and warm temperature with small detector impedance, we developed a new set of preamplifiers able to match the latter condition with a noise smaller by a factor of 2.5 and input capacitance larger by a similar factor with respect to the actual setup.Table 1Resistance of the NTD Ge thermistor in working conditions R$\documentclass[12pt]{minimal}
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Energy resolution {#Sec4}
=================
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These values are about a factor 3 larger than the initial target of the experiment (10 keV FWHM \[[@CR34]\]). Even if a further cooling of the crystals is expected to improve the resolution, we will demonstrate in the next sections that Zn$\documentclass[12pt]{minimal}
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Performance of light detectors {#Sec5}
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Background study {#Sec6}
================

Cosmogenic activation {#Sec7}
---------------------

To investigate the cosmogenic activation of Zn$\documentclass[12pt]{minimal}
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We performed a similar analysis to investigate the activation of Zn. In this case, the isotope with highest activation rate is $\documentclass[12pt]{minimal}
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Alpha background rejection {#Sec8}
--------------------------
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Crystal contaminations {#Sec9}
----------------------
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The energy spectrum reported in Fig. [7](#Fig7){ref-type="fig"} was reconstructed using a Monte Carlo simulation (not shown), obtaining activities compatible with those reported in Table [3](#Tab3){ref-type="table"}.
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Finally, the GEANT-4 simulation allowed to infer the expected background contribution to the region of interest for CUPID-0. We implemented the geometry described in Fig. [1](#Fig1){ref-type="fig"}, and assumed a discrimination power of 12 (see Sect. [6.2](#Sec8){ref-type="sec"}), and an energy resolution of 30 keV at the Q-value of $\documentclass[12pt]{minimal}
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If all the contaminants were located only on the crystal surface, and in the unlikely event that crystal polishing does not change crystal surface activity, the background in the region of interest would be of 6$\documentclass[12pt]{minimal}
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Conclusions and perspectives {#Sec10}
============================

The results presented in this paper allowed to assess the performance of the first Zn$\documentclass[12pt]{minimal}
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CUPID-0 is expected to run at least for 1 y of live-time to prove the potential of the scintillating bolometers technology, and the high number of emitters will allow to reach a remarkable sensitivity on the $\documentclass[12pt]{minimal}
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